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(54) . PROCESS FOR PRODUCING SPHERICAL FINE PARTICLES CONTAINING DRUG 



(57) The present invention discloses an efficient 
preparation method of spherical fine particles containing 
a drug for an easlIy-swaHowed, controlled-release prep- 
aration comprising the production of drug-containing 
spherical fine particles (mean particle size: 60-200 ^ m) 



by adding a binder solution to a mixture containing an 
excipient powder having the property of retaining sot- 
vent (and preferably having a mean length of the long 
axis of 40 ^ m or less) and a drug powder (preferably 
having a mean length of the long axis of 50 ^ m or less), 
followed by high-speed mixing granulation. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a preparation method of drug-containing spherical Tme particles that are 
useful in the production of easily-swallowed, controtled-release preparations. 

BACKGROUND ART 

10 [0002] Research has been conducted on various types of controlled-release preparations In order to reduce the 
nunnber of medication times and alleviate adverse side-effects In the case of oral administration of a medication to a 
patient, and such preparations are widely used dlnlcaliy as well. 

[0003] However, since controtled-release preparations of the prior art are used prfrnarily In the fonnn of tablets, gran- 
ules, capsules and so forth, they have problems in terms of being accompanied by dlfTicutties in swallowing the med- 

19 icatlon for infants, elderly persons, seriously ill patients and so forth having decreased swallowing abilities. Thus, there 
is a need for more Improved, easily-swallowed, controlled-release preparations. 

[0004] in order to solve the above problems, orally rapid-disintegrating tablets and suspensions, etc. that contain 
controlled-release fine particles have been proposed. However, it Is preferable that the particle size of these prepara- 
tions be 200 ^ m or less to avoid an unpleasant sensation in the oral cavity when taken (see International Journal of 

20 Pharmaceutics 1 09, 271 -281 (1 994)). or it is necessafy to improve the content of phamiaceutical in controlFed-release 
fine particles in order to reduce the amount taken. 

[0005] Consequently, when producing an easily-swallowed, controlled-release preparation, a method is required for 
efficiently producing particles having a high pharmaceutical content at the core of the particles, small particle size, 
narrow particle size distribution width, high sphericity and a smooth surface that is easily coated. 

25 [0006] As an example of a granulation technology of the prior art, although a method for producing coating cores for 
fine granules by granulation is described in Japanese Unexamined Patent Publication No. 6-56700, the content of 
phanmaceutical in the coating cores is 5% or less, and the mean particle size is 270 ti or more. 
[0007] In addition. Japanese Unexamined Patent Publication No. 5-229981 describes in Example 2 that particles 
produced by centrifugal fluidizing granulation after adding water to lactose and cellulose crystals are spherical, and 

30 that 80% of the particles have a partlde size within the range of 150-250 )i m. However, this relates to a method for 
producing particles used as an exclplent that does not contain a pharmaceutical. 

[0008] ' In general, the efficient production of particles of 200 ^ m or less by agitating granulation has been considered 
to be difHcutt (see 7th Eudraglt Seminar. 1 997, pp. 39-54). 

35 DISCLOSURE OF THE INVENTION 

[0009] The present invention provides a method for efficiently producing particles having a high drug content, small 
particle size, high sphericity, smooth surface and an easily coated fonn required for the production of easily-swallowed, 
controtled-release preparations. 
<o [0010] As a result of conducting various studies, the inventors of the present invention discovered that drug-contain- 
ing spherical fine particles for easily-swallowed. controlled-release preparations can be efficiently produced by a simple 
means comprising adding a binder solution to a mixture containing a drug powder and an exclplent powder having the 
property of retaining solvent, followed by high-speed mixing granulation, thereby leading to completion of the present 
invention. 

45 [001 1 ] Namely, the present invention relates to a preparation method of drug-containing spherical fine partictes hav- 
ing a mean particle size of 200 (i m or less comprising: adding a binder solution to a mixture containing an exclplent 
powder having the property of retaining a solvent and said drug powder, and granulating by high-speed mixing. 
[001 2] To begin with, the foUowing provides an explanation of the materials used In the method of the present Inven- 

tion. 

so [0013] [1 ] The excipient used In the method of the present invention having the property of retaining soh^ent (to be 
abbreviated as the solvent-retaining exclplent) Is an excipient that has the property of non-bonding absorption of solvent 
and can be fomied Into fine particles. This excipient is suitably selected according to the type of drug, solvent and so 
forth. The excipient is preferably that In which the solvent retention rate Is 2-50% of its dry weight, and particularly 
preferably 5-30%. 

S5 [0014] Furthermore, the solvent retention rate here refers to the proportion of the maximum amount of solvent re- 
tained internally by the excipient at room temperature and under normal pressure to the weight of the excipient in the 
form of having retained sohrent (including the sohrent weight), expressed as a percentage. This can be calculated by 
measuring the weight during maximum retention of soh^ent in the excipient and the weight when the solvent has been 
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completely removed. 

[0015] A water-retentive excfplent Is preferably used as the solvent-retaining excipient. specific examples of which 
include celluloses such as mlcrocrystalline cellulose, methyl cellulose, sodium camielose. calcium camielose and low- 
substituted hydroxypropyt cellulose, and starches such as wheat starch, rice starch, corn starch, potato starch, hy- 
droxypropyl starch, sodium caifooxymethyl starch, a - cydodextrfn and p -cydodextrin. The most preferable examples 
of solvent-retaining exdplents are mlcrocrystalline cellulose and com starch. 

[0016] The solvent-retaining excfpient is used in the form of a powder, has a mean length of the long axis of 40 p. m 
or less, and preferably 1 -30 ^ m, and that smaller than the mean length of the long axis of the daig particles mentioned 
below is preferable. 

[0017] Although the amount of solvent-retaining exc^ient used varies according to the solubility of the dnig in the 
solvent, the type of sohrent. amount of sohrent and so forth, It is normally 3-50 wt% of the drug, and preferably 5^ 
wt% of the drug. 

[0018] [2] The drug used In the method of the present invention dissolves in the solvent and can be formed into fine 
partides. A drug having solubility in the solvent at 25*C of 1 g in 1 liter of soh^ent, and preferably 10 g or more in 1 liter 
of solvent. Is used. 

[001 9] Specific examples of drugs are Dsted below. 

(1) Antipyretics, analgesics and antiphlogistics such as indometacin, aspirin, diclofenac sodium, ketoprofen, ibu- 
profen, mefenamic add, azulene. phenacetin. isopropyl antipyrine. acetaminophen, benzadac, phenylbutazone, 
flufenamic acid, sodium salicylate, salicylamide, sazapyrine and etodolac; (2) steroid antiinflammatory drugs such 
as dexamethasone, hydrocortizone, prednisolone and triamcinolone; (3) antiulcer drugs such as ecabet sodium, 
enprostii, sulpiride, cetraxate hydrochloride, gefarnate, irsogladine maleate, cimetidine, ranitidine hydrochloride, 
famotidine, nizatidine and roxatidine acetate hydrochloride; (4) coronary vasodilators such as nifedipine, isosorbide 
di nitrate, dtltiazem hydrochloride, trapldit. dipyridamole, dilazep hydrochloride, verapamil, nicardipine hydrochlo- 
ride and verapalimil hydrochloride; 

(5) peripheral vasodilators such as ifenprodil tartrate, cinepacide maleate, ciclandelate, cynnaridine and pentox- 
yphylin; (6) antibiotics such as ampidllin. amoxicillin, cefalexin, erythromycin ethyl succinate, vacampicillin hydro- 
chloride, minocycline hydrochloride, chloramphenicol, tetracycline, erythromycin, ceftazidime, cefuroxime sodium, 
aspoxicailn and lichlpenam acoxyl hydrate; (7) synthetic antimicrobials such as nalidixic acid, piromidic add. pipe- 
midic add trihydrate, enoxacln, cinoxacin. ofloxacin, norfloxacin, dprofloxadn hydrochloride and sulfamethoxa- 
zole-trimethoprim; (8) antiviral agents such as acidovir and ganciclovir; (9) anticonvulsants such as propantheline 
bromide, atropine sulfate, oxitropium bromide, timepidium bromide, scopolamine butylbromide. trospium chloride, 
butropium bromide, N-methylscopolamine methylsuifate and methyloctatropine bromide; 
(10) antitussives such as tipepidine hibenzate, methylephedrine hydrochloride, codeine phosphate, tranilast, dex- 
tromethorphan hydrobromide, dimenwrfan phosphate, clobutlnol hydrochloride, fominoben hydrochloride, ben- 
properine phosphate, eprazinone hydrochloride, clofedanol hydrochloride, ephedrine hydrochloride, noscapine, 
pentoxyverine citrate, oxeladin citrate and isoaminyl citrate; (11) expectorants such as bromhexine hydrochloride, 
carbodsteine. ethyl cysteine hydrochloride and methylcysteine hydrochloride; (12) bronchodilators such as theo- 
phylline, aminophylline, sodium cromogllcate, procaterol hydrochloride, trimetoqulnol hydrochloride, diprophilline, 
salbutamol sulfate, dorprenatine hydrochloride, formoteroi fumarate, orciprenaline sulfate, pilbuteroi hydrochlo- 
ride, hexoprenaline sulfate, bitolterol mesilate, clenbuterol hydrochloride, terbutaline sulfate, malbuterol hydrochlo- 
ride, fenoterol hydrobromide and methoxyphenamine hydrochloride; 

(13) cardiacs such as dopamine hydrochloride, dobutamine hydrochloride, docarpamine. denopamine, caffeine, 
digoxin, digitoxin and ubidecarenone; (14) diuretics such as furosemlde. acetazolamide, triclonnethiazide. meth- 
yldothiazide. hydrochlorothiazide, hydroflumethiazide, ethiazide, cydopenthiazide. spironolactone, triamterene, 
florothiazide, pretanide, mefruslde, etacrynic add. azosemlde and clofenamlde; (15) muscle relaxants such as 
chtorphenesin carbamate, tolperisone hydrochloride, eperisone hydrochloride, tizanldlne hydrochloride, mephene- 
cine, chlorzoxazone, phenprobamate, methocarbamol, chlomfiezanone, pridlnol mesilate, afloqualone, baclofen 
and dantrolene sodium; (16) cerebral metabolism ameliorants such as nicergoline. medofenoxate hydrochloride 
and tartireline; (1 7) minor tranquilizers such as oxazolam, diazepam, dotlazepam, medazepam, temazepam, fiu- 
d tazepam, meprobanoate. nitrazepam and chlordiazepoxide; 

(1 8) major tranquilizers such as sulpiride, docapramine hydrochloride, zoteplne, chlorpromazine and haloperidol; 

(19) p -blockers such as bisoprolol fumarate, pindolol, propranolol hydrochloride, carteolol hydrochloride, meto- 
prolol tartrate, labetanol hydrochloride, acebutolol hydrochloride, bufetolol hydrochloride, alprenolol hydrochloride, 
arotinoiol hydrochloride, oxprenolol hydrochloride, nadolol, bucumorol hydrochloride, indenolol hydrochloride, 
timolol maleate. befunolol hydrochloride and bupranolol hydrochloride; (20) antiamhymk:s such as procainamide 
hydrochloride, disopyramlde phosphate, dbenzoline succinate, ajmallne, quinkjine sulfate, aprindine hydrochlo- 
ride, propafenone hydrochloride, mexiletine hydrochloride and ajrrinide hydrochloride; (21) athrifuges such as al- 
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lopurinol, probenecid, cotistin.* sulfinpyrazone, benzbromarone and bucolome; 

(22) antiooagulams such as ticlopidrne hydrochtoride. dicuniarol, potassium warfarin, and (2R.3R)-3-acatoxy-5- 
(2-(dIm6thylamIno) ethyl] -2. 3-dihydro-8-methyl-2- (4-nnethylphenyi)-1 ,5-ben20thiazepin-4(5H)-onemaleato; (23) 
thronr^olytics such as melhyl(2E.3Z)-3-ben2ylidene-4-(3^imethoxy- a -methyIbenzyIidene)-N-(4-fnethylplper- 
5 a2ln-1-yl)succtnamalc hydrochloride; (24) liver disease drugs such as (±)r-5-hydroxyrhethyl-t-7-(3,4-dimetho)cy- 

phenyl)-4-oxo-4,5.67'tetrahydrobenzo[b]ruran-c-6-cart>oxytactone; (25) antiepileptics such as phenytoln. sodium 
valproate, metalbital and carbarn azeplne; 

(26) antihistamines such as chlorpheniramine maleate. clemastine fumarate. mequitazine, ailmemazine tartrate, 
cyproheptadine hydrochloride and bepotastin besilate; (27) antiemitics such as difenidol hydrochloride, metoclo- 

w pramide. domperldone and betahistine mesilate and trfmebutlne maleate; (28) depressors such as dimethyiaml- 
. noethyl reiserpilinate dihydrochlorlde. resdnnamlne. methyldopa, prazodn hydrochloride, bunazosin hydrochlo- 
ride, clonldlne hydrochloride, budralazlne. urapldil and N*[6-(2-[{5-bromo-2-pyr{midlnyl)oxyl ethoxy]-5-(4-rnethyl- 
phenfyt)-4-pyrimldinylH-(2-hydroxy-1,1-dimethylethyObenzene sulfonamide sodium; (29) hyperllpidemla agents 
such as pravastatin sodium and (tuvastatin sodium; 

15 (30) sympathetic nervous stimulants such as dihydroergotamlne mesilate and isoproterenol hydrochloride, etile- 
frine hydrochloride; (31) oral diabetes therapeutic drugs such as glibendamlde. tolbutamide and glimldine sodium; 
(32) oral carcinostatics such as mallmastat; (33) allcaloid narcotics such as morphine, codeine and cocaine; (34) 
vitamins such as vitamin B1 , vitamin B2, vitamin B6, vitamin B1 2, vitamin C and folic acid; (35) thamuria therapeutic 
drugs such as flayoxate hydrochloride, oxybutynin hydrochtoride and terolidine hydrochloride; and. (36) angi- 

20 otensln converting enzyme inhibitors such as imidapril hydrochloride, enalapril maleate, alaceprll and delapril hy- 
drochloride. 

. [0020] Preferable examples Include diltiazem hydrochloride, theophylline, acetaminophen, aspirin, ibuprofen, dex- 
tromethorphan hydrobromide and disopyramide phosphate. 
25 . [0021 ] A drug powder having a mean length of the long axis of 50 ^ m or less, and preferably 20-40 ^ m is used for 
the drug powder. The drug may be crushed to the desired particle size prior to granulation. Although crushing is per- 
fonmed with conventional methods such as crushing using a fine crusher, extremely fine particles (mean length of the 
long axis of 1 ^ m or less) are not preferred and should be avoided. 

[0022] The amount of drug used is 97 wt% or less of the granulation product, preferably 40-90 wt%, and paiticularty 
30 preferably within the range of 50-70 wt% of the granulation product. 

[0023] [3] The binder used in the method of the present invention refers to that which dissoh/es in a solvent and has 
the property of binding drug particles and solvent-retaining excipienl particles, and the binder is suitably selected ac- 
cording to type, amount and so forth of solvent, drug and solvent-retaining excipient. 

[0024] The binder preferably has solubility at 25''C of 10 g or more, and parttcuiarly preferably 20 g or more, per 1 
35 liter of solvent. In addition, in the case of a water-containing soh/ent, that having solubility at 25*C of 10 g or more, and 
particularly 20 g or more, per 1 liter of water in the solvent can be used preferably. 

[0025] Specific examples include hydroxypropyl cellulose, hydroxypropylmethyl celluloses (e.g.. hydroxypropylme- 
thyl cellulose, hydroxypropylmethyl cellulose phthalate and hydroxypropylmethyl cellulose acetate succinate), polyvinyl 
alcohol, dextrin, polyvinyl pyrrolidone, polyacrylic acid, polymethacrylic acid, gum arable, gelatin and agar. 
40 [0026] Preferable examples include hydroxypropytcellulose, hydroxypropylmethyl cellulose and polyvinylpyrro- 
lidone, while hydroxypropyl cellulose is most preferable. 

[0027] Although the amount of binder used varies according to the amounts of drug powder and solvent-retaining 
excipient powder, particle size, binding strength of the binder, viscosity of the solution of binder and so forth, it is 
normally used within the range of 0.1-1 0 wt%, and preferably 0.5-5 wt%. of the drug. 
45 [0028] [4] The solvent used for the binder solvent used in the method of the present invention dissolves the binder 
while also having the property of being retained by the solvent-retaining excipient, and that which dissolves the drug 
but does not react with the drug is used preferably 

[0029] Such a so^ent Is suitably selected from those solvents that are normally used in the field of phannaceuties 
according to the type and so forth of the drug, solvent-retaining excipient and binder. 

30 [0030] Specific examples Include water, alcohol solvents (e.g.. lower alkanots that may or may not be substituted 
such as methanol, ethanol, n-propyl alcohol, isopropyl alcohol, 2-methoxyethanol, 2-ethoxyethanol), ketone solvents 
(e.g.. lower alkyl ketones such as acetone and methyl ethyl ketone), ester solvents (e.g.. lower alky I esters of acetic 
acid such as ethyl acetate ester) and their mixed solvents. Preferable examples include water and aqueous soh/ents. 
while water and aqueous sohrents (such as aqueous lower alkanols such as aqueous ethanol) are the most preferable. 

55 [0031 ] Although the amount of sohrent used varies according to the solubility of the drug and binder, solvent absorp- 
tion rate of the sotvent-retaining excipient and so forth, it is normally 0.1 "3 ml, and preferably 0.3-1 .5 ml, per 1 g of drug. 
[0032] [5] Although other additives may be contained as necessary when producing the spherical fine particles as 
claimed in the present invention, in order to obtain particles having a high dnjg coment, it is preferable if the amoum 
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of such additives is low. The amount of additives added can be suitably adjusted according to the type of drug, soh^ent- 
retalning exciplent, binder and solvent. 

[0033] Additives having high solubility In the solvent are effective in cases when the solubility of the drug In the solvent 
Is low. In the case of using an aqueous solvent for thesoh^ent. examples of conventionally used water-soluble additives 

5 include water-soluble sugars, and preferably lactose, sucrose, mannrtol and sorbitol. 

[0034] Additives for preventing panicle aggregation are added In the case of aggregation occurring In the resulting 
particles. In the case of using a water-containing solvent for the solvent, examples of additives for preventing aggre- 
gation of the resulting particles include alkaline earth metal phosphates (calcium phosphate), allcaltne earth metal 
silicates (synthetic calcium silicate), alkaline earth metal stearates (calcium stearate and magnesium stearate) and talc. 

10 PK)35] In addition, finely granulated talc, titanium oxide and other surface inrtprovers may be used to smooth the 
surface of the resulting particles. 

[0036] TTie following provides an explanation of the method of the present invention. 

[0037] According to the present Invention, the above^entloned binder solution Is added to a mixture containing the 
at>ove solvent-retaining exdpient powder and drug powder and other of the above additives are added as necessa^f 

19 followed t>y applying to a high-speed mixing granulation to produce spherical fine particles. 

[0038] Examples of granulating machines that can be used for high-speed mixing granulation Include agitating gran- 
ulating machines having an agitator (e.g.. rotor disk, agitator or agitating blade) (for example, Super Mixer (Kawada 
Seisakusho). Henschel Mixer (Mitsui-Miike Seisakusho). GRAL (Fuji Paudal Co., Ltd.), Vertical Granulator (Fuji 
Sangyo). Pharmamatrix (Nara Kikai Seisakusho), High-Speed Mixer (Fukae Kogyo), Agromasler (Hosokawa Micron) 

20 and New-gramachlne (Seishin Enterprise)!. In addition, the agitating granulating machine may have a crusher having 
a rotating shaft perpendicular to the rotating shaft of the agitator (e.g., chopper, cross screw or lamp breaker). Of these, 
an agitating granulating machine having an agitating blade, such as the Agromaster or IMew-gramachine, can be used 
particularly preferably. 

[0039] The rotating speed of the agitator in the agitating granulating machine is such that the rotational linear velocity 
25 of the resulting particles is preferably 200-2000 m/min, and particularly preferably 300-1000 m/min. 

[0040] Although lt.is not particularly necessary to regulate the granulation temperature (outside temperature), gran- 
ulation may be performed while cooling as necessary in consideration of drug stability. 

[0041] Sohfent-retaining exdpient and other solid components may be loaded into the granulating machine without 
mixing or after mixing. 

30 [0042] Loading of binder solution during granulation may be performed after loading drug, vehicle-retaining exciplent 
and other solid components, by loading all at once, loading separately, or loading at a fixed speed. The binder solution 
is suitably selected according to the type of drug, solvent-retaining excipient, etc., solvent, viscosity of binder solution 
and so forth. Loading may also be performed by spraying or dropping as necessary. 

[0043] Granulation time Is suitably selected according to the type of solvent-retaining excipient, etc., type and amount 
35 of solvent, viscosity of the binder solution and so forth. In general, the end point of granulation can be detennined by 
monitoring the granulation process by measuring power consumption (see Pharmacology Journal 107(5), pp. 377-383 
(1987)). Granulation time is nonnally about 0.1-5 hours, and preferably about 0.4-3 hours. 

[0044] Drying temperature of the particles is suitably selected according to drug stability and type of soWent Drying 
temperature is nonnally 70*C or less, and preferably 0-50'C.. Pressure may also be reduced as necessary. Drying time 
40 can be shortened by raising the temperature and/or lowering the pressure. Drying time is normally 1-24 hours, and 
preferably 3-16 hours. Conventionally used methods such as fluidized drying, shelf drying and so forth are enrtployed 
for the drying method. 

[0045] According to the method of the present invention, spherical fine partkdes having a mean particle size of 200 
|i m or less can be produced at a yiel.d of 90 wt% or mora of the solid components used for granulation. In addition. 

49 depending on the conditions, spherical fine particles having a mean particle size of 200 ^ m or less can be produced 
at a yield of 95% or more of the solid components. In general, as production scale increases and the granulating 
machine becomes larger, yield improves since raw materials fleeing from outside the granulating machine In the gran- 
ulation process decrease. 

[0046] The mean parttele size of the spherical fine particles formed Is 200 ^ m, and normally 60-200 \i m. The pref- 

50 erable particle size of the spherical fine particles is 60-1 50 ^ m. 

[0047] The partide size distribution of said partides is such that partteles measuring 40 m or less account for 1 0 
wt% or less, and particles measuring 200 n m or more account for 10 wt% or less. The preferable article size distribution 
is such that particles measuring 60 ^ m or less account for 20 wt% or less, and partides measuring 150 p. m or more 
account for 20% wt% or less. In addition, said particles have high sphericity, and the mean aspect ratio (long axis/short 
55 axis) Is 1-1.5, and preferably 1-1.2. 

[0048] Although the surfaces of the spherical particles formed are generally smooth, in general, the partides tend 
to become smoother In the case of high solubility of the dnig In the solvent. 

P049) In this manner, since the spherical fine particles produced wfth the method of the present invention that contain 
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drug and have a mean partide size of 200 (i m or less not only have a smaW mean particle size, but also have a narrow 
size distribution width (iittle variation in particle size), small mean aspect ratio (high sphericity) and smooth surfaces, 
it is easy to coat the surfaces of these spherical fine particles. 

[0050] Coated spherical fine particles can be produced from the drug-containing spherical fine particles produced 
5 in the manner described above by coating with a fine partide coating method known in the prior art. 

[0051] Examples of such coating methods include protecting coating, gastrosoluble coating, enteric coating and 
slow-release coating. 

[0052] With respect to these coating methods and the raw materials used for coating, the rr^thods or materials 
described on pages 515-527 of the Granulation Handbook (Japan Powder Industry Technology Assodation ed., Ohm 

10 Publishing) can be used by suitably selecting according to the spedfic objective. In additton, coated spherical fine 
particles can be produced by making suitable alterations in consMeration of the properties of the drug and so forth 
contained In the dnig-containlng spherical fine particles based on the descriptions of the Chem. Pharm. Bull. 35, 2949 
(1 987), Chem. Pharm. Bull. 36. 1491 (1 988), Chem. Pharm. Bull. 36. 3070 (1 988), Chem. Pharm. Bull. 36, 4927 (1 988). 
Phami. Tech Japan Vol. 9. No. 7, 55 (81 1 ) (1 993) and so forth. 

15 [0053] Spedfic technologies of coating methods are as listed below, and the drug-containing spherical partteles as 
. claimed in the present inventton are coated in accordance with these methods. 
[0054] Examples of specific technologies indude Japanese Unexamined Patent Publication No. 4-2351 23 (coating 
with a water-insoluble and water-impermeable acryiic resin polymer containing alkaline earth metal stearate-trimethyl 
ammonium ethyl group), Japanese Unexamined Patent Publication No. 2-1405 (coating with a porous film comprised 

20 of hydrophobic polymer substance or hydrophobic polymer substance and hydrophHic polymer substance and having 
porosity of about 0.4-0.9), Japanese Patent Application No, 10-211677 (coating with a multilayer film containing an 
hydrophobic organic compound-water-soluble polymer mixture in which adjacent layers are mutually different), Japa- 
nese Unexamined Patent PublicaUon No. 2-121918 (coating with a coating that controls the release of a drug not 
sensitive to pH changes, and a coating composed of alternating hydrophilic and hydrophobic layers), Japanese Un- 

« examined Patent Publication No. 8-26977 (coating with a mixture of enteric coaling agent and water-insoluble coating 
agent), Japanese Patent Application No. 10-211678 (coating with a mixture of hydrophobic organic compound and 
enteric polymer), and a patent applicatk>n dated the same as the present application (spray coating with an ethanol 
solution of steark; acid and ethyl cellulose). 

[0055] The coated drug-containing spherical fine partldes can be fomnulated into easily-swallowed, controlied-re- 
30 lease preparations using these methods. 

[0056] Examples of easily-swallowed, controlled release preparations include orally rapid-disintegrating prepara- 
tions, suspensions and powders (fine particles). 

[0057] For example, an orally rapid-disintegrating preparation is produced according to the known methods listed 
below. 

35 [0058] Examples of such methods include Japanese Patent Application No. 9-107991 (molding drug fomnulation 
components consisting of a drug and preparation additives at low density, followed by wetting with alcohol, and followed 
by removal of that alcohol), Japanese Unexamined Patent Publication No. 5-271 054 (tablet formation of a mixture 
containing drug, sugar and moisture). Japanese Unexamined Patent Publication No. 8-291051 (tablet fonmation of a 
mixture of dnjg, water-soluble binder and water-soluble excipient followed by humidifying with watervapor and drying), 

^ WO 93/15724 (compression of a mixture containing only water-soluble additive, drug and water, and glazing after 
drying), WO 93/12769 (suspending a drug and sugar in agar aqueous solution and solidifying into a jelly followed by 
drying), and WO 95/20380 (granulation of a drug and a sugar having low moldability with a sugar having high motdability 
followed by compression of the granulation product). 

[0059] In addition, examples of suspenstons indude syrups (Including dry syrups) described In A-1 1 0 through A-1 15 
45 of the Explanation of the 1 2th edition of the Japanese Phannacopeia. and are produced in accordance with that de- 
scription. 

[0080] Furthermore, coated drug-containing spherical mtoropartides can also be used In the production of conven- 
tionally used preparations such as capsules and tablets. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

[0081] Fig. 1 shows the results of an elutlon test of a drug in the case of changing the coating ratio. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 

[0082] The foOowIng provides a detailed e)(planation of the present invention through Its examples. However, ft should 
be interpreted that the present invention Is not limited by these examples. 
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Example 1 

[0083] 80 Parts of diltlazem hydrochloride crushed with a hammer mill (Fuji Paudal Co., Ltd.) (mean partlcte size: 
approx. 25 n m) and 1 9 parts of microcrystaHlne cellulose (mean particle size: approx. 25 m, trade name: Avicel PH- 
5 M25 (Asahl Chemical Industry)) were charged into the New-gramachlne NC*200 (Seishin Enterprise) having a diameter 
of the centrifugal granulator of 20 cm and mixed weU. While continuing to stir this at 30'C and 700 rpm. a solution was 
added containing 1 part of hydroxypropyl cellulose (trade name: HPC-SL (Nippon Soda)) dissohred In a mixed liquid 
of 79 parts ethane! and 20 parts water followed by granulation for 25 minutes. Following granulation, the particles were 
dried on a drying shelf for 3 hours at 45 *C to obtain spherical fine particles. 

.10 

Yield (fine partides / (dfltiazem hydrochloride + microcrystalllne cellulose + hydroxypropyi cellulose) x 1 00]: 95% 
Example 2 

15 

[0064] 60 Parts of theophylline crushed with a hammer mlfl (Fuji Paudal Co.. Ltd.) (mean particle size: approx. 30 \i 
m), 24 parts of mannitoi and 14 parts of microcrystalllne cellulose (mean particle size: approx. 25 ^ m, trade name; 
Avice! PH'M25 (Asahi Chemical Industry)) were charged into the New-gramachlne NC-200 (Seishin Enterprise) having 
a diameter of the centrifugal granulator of 20 cm and mixed well. While continuing to stir this at 35'C and 550 rpm, a 
20 solution was added containing 2 parts of hydroxypropyl cellulose (trade name: HPC-SL (Nippon Soda)) dissolved in a 
mixed liquid of 68 parts ethanoi and 30 parts water followed by granulation for 54 minutes. Following granulation, the 
pariiples were dried on a drying shelf lor 3 hours at 45''C to obtain spherical fine particles. 

Yield [fine particles / (theophylline + microcrystalline cellulose + mannitoi + hydroxypropyi cellulose) x 100]: 97% 

Example 3 

[0065] 90 Parts of diltiazem hydrochloride crushed with a hannmer milt (Fuji Paudal Co.. Ltd.) (mean particle size: 
30 approx, 25 ji m) and IB parts of cornstarch (mean particle size: approx. 10 ^ m) were charged into the Agromasler 
LAB02 (Hosokawa Micron) having a diameter of the centrifugal granulator of 20 cm and mixed well. While continuing 
to stir this at 23 'C and 350 rpm, a solution was added containing 2 parts ol hydroxypropyl celiulose (trade name: HPC- 
SL (Nippon Soda)) dissolved in a mixed liquid of 78 parts ethanoi and 20 parts water followed by granulation for 28 
minutes. Following granulation, the particles were dried on a drying shelf for 3 hours at 45*C to obtain spherical fine 
35 particles. 

Yield (fine particles / (diltiazem hydrochloride + comstarch + hydroxypropyl cellulose) x 1 0OJ: 97% 

40 [0066] The particle size distribution and mean particle size were measured for each fine particle preparation produced 
in Examples 1 through 3 above using a sieve shaker, and those results are shown In Tables 1 and 2. 



Table 1 * 



45 





40 p. m or less 


40-200 ^ m or less 


200 m or more 


Example 1 


1.7% (w/w) 


97.2% 


1.1% 


Example 2 


3.4% 


94.8% 


1.8% 


Example 3 


6.8% 


87,6% 


5.6% 



[0067] Measurement of parttele size distribution in Table 1 was performed by sampling 1 0 g of granulation product. • 
shaking for 3 minutes using sieves having a mesh size of 40 m and 200 ^ m, respectively measuring the weights of 
the screened granulation products, and calculating wt%. 

[0066] As Is dear from the results of measuring partcle size distribution, fine particles produced in accordance with 
the method of the present Invention have a mean particle size of about 1 00 ji m, and 85% of those particles fall within 
the range of a particle size of 40-200 \i m. In addition, the shapes of the granulation products as obsenred with a 
scanning electron microscope were all spherical. 
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Table 2 



Example 1 


79 (im 


Example 2 


119iim 


Example 3 


108 |im 



[0069] Measurement of mean particle size In Table 2 was perfonned by stacking up sieves having different mesh 
sizes (mesh sizes: 350, 250, 177, 149, 125. 105, 74. 40 and 0 |i m), adding 10 g of sampled granulation product and 
shaking for 3 minutes followed by measuring the weights of the granulation products remaining on each sieve. The 
granulation product remaining on each sieve was assumed to have a diameter of an Intemnediate value between the 
mesh size of that sieve and the mesh size of the sieve immediately above it, and a weighted average was obtained 
by multiplying this by weight. 

Example 4 

[0070] The drug-containing spherical fine particles obtained In Example 1 were shaken using a sieve having a mesh 
size of 1 50 ^ m to acquire only those drug-containing spherical fine particles that passed through the sieve. Yield: 96.6% 

Example 5 

[0071] A solution comprising stearic acid (Kao) (2.5%). ethyl cellulose #1 0 (Nisshin Kasei) (2.5%) and ethanol (95%) 
was spray coated onto 100 g of the drug-containing spherk:al fine particles obtained in Example 4 using a Wursler • 
f luklized bed coating apparatus (Model GPCC-1 . Glatt) foik>wed by drying until the temperature of the coated products 
reached 40*^0 to produce coated fine particles. 

[0072] According to this method, coated particles were obtained having coating ratios ( (coated fine partk:le weight 
- dnjg-containing spherical fine particles)AA;eight of coated fine particles x 100] of 20%, 30%, 40%, 50% and 60%. 

Experiment Example 1 

[0073] Dissolution tests as described in the 1 3th edition of the Japanese Pharmacopeia (JP) were perfonmed on the 
coated fine particles having the respective coating ratios obtained in Example 5 [lest fluid: JP 2nd fluid (pH 6.8) 900 
ml. temperature: 37'C, paddle rotating speed: ICQ rprnji followed by measurement over time of the amount of diltiazem 
hydrochloride that eluted Into the test liquid by high-performance liquid chromatography, after which dissolution rate 
(amount of diltiazem hydrochloride contained in the drug-containing spherical fine partkdes: 1 00%) was calculated from 
those results. Those results are shown in Fig. 1 . * 

INDUSTRIAL APPLICABILITY 

[0074] According to the method of the present invention, spherical fine particles having a high drug content and a 
mean particle size of 200 p. m or less can be produced at high yield with a simple procedure. * 
[0075] In addition, since the dnjg-containing spherical fine particles obtained with the method of the present invention 
have high sphericity and smooth surfaces, and have a narrow particle size distribution, there is no Impalnment of coating 
unifonnity when coated with various coatings and it is not necessary to use excessive coating agent, thereby enabling 
coating time to be reduced 

[0076] Moreover, useof the drug-containing spherical fine particles obtained with the method of the present Invention 
allows the production of controlled-release preparations whteh, in addition to being easily-swaltowed, have a pleasant 
sensation In the oral cavity when taken. 



Claims 

1. A preparation method of dnjg-containing spherical fine partk:les having a mean partfcle size of 200 ti m or less 
comprising: adding a binder solution to a mixture containing an excipient powder having the property of retaining 
a solvent and a drug powder, and granulating by high-speed mixing. 

2. The preparation method of spherical fine particles according to claim 1 wherein, spherical fine particles are pro- 
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duced at a yield of 90 wt% or more of soDd component used for granulation. 

3. The preparation method of spherical fine particles according to claim 1 wherein, the dnjg content of said spherical 
fine particles Is 40 to 90 wt%. 

4. The preparation method of spherical fine particles accordlrtg to claim 1 wherein, high-speed mixing granulation is 
perfomrted using an agitating granutator having an agitating blade. 

5. The preparation method of spherical fine particles according to claim 4 whereiri, high*speed mixing granulation Is 
performed for 0.1 to 5 hours at a rotational linear velocity of said agitating blade of 200 to 2000 m/min. 

6. The preparation method of spherical fine particles according to daim 1 wherein, the mean length of long axis of 
the excipient powder having the property of retaining solvent Is 40 ^ m or less, the mean length of long axis of the 
drug powder is'50 p, m or less, and the mean particle size of the spherical fine particles is 60 to 200 |i m. 

7. The prepamtion method of spherical fine particles according to daim 1 wherein, the mean length of long axis of 
the excipient powder having the property of retaining sohrent is 1 to 30 ^ m, the mean length of long axis of the 
drug powder is 20 to 40 ^ m, and the mean particle size of the sphericai fine particles is 60 to ISO p. m. 

8. The preparation method of spherical fine particles according to any one of claims 1 to 7 wherein, the mean aspect 
ratio (long axis/short axis) of the spherical fine particles is 1 to 1 .5. 

9. The preparation method of spherical fine particles according to claim 1 wherein, spherical line particles having a 
particle size of 40 ^ m or less are 10 wt% or less, and spherical fine partides having a particle size of 200 |i m or 
more are 10 wt% or less. 

10. The preparation method of spherical Pine particles according to any one of claims 1 to 8 wherein, the excipient 
having the property of retaining solvent Is a water-retentive excipient. and the binder solution is a water-containing 
binder solution. 

1 1 . The preparation method of spherical fine partides according to claim 1 0 wherein, the water retentivity of the water- 
retentive excipient is 5 to 30 wt%. 

12. The preparation method of spherical fine particles according to claims 10 or 11 wherein, the solubility of drug in 
water at 25"C is 1 g/liter or more. 

13. The preparation method of spherical fine particles according to any one of claims 10 to 12 wherein, the water- 
retentive excipient is selected from celluloses and starches, the binder is selected from hydroxypropyl cellulose, 
hydroxypropytmethyt cellulose, polyvlnytpyn'olidona, dextrin, polyvinyl alcohol, poiyacrylic acid, polymethacryltc 
acid, gum arabic, gelatin and agar, and the binder solution is selected from an aqueous solution of binder and a 
water-containing ethanol solution of binder. 

14. A preparation method of coated spherical fine partides comprising: coating the drug-containing spherical fine 
partides produced with a method described In any one of clainns 1 to 13. 

15. A preparation method of a powder, suspension or orally rapld-disintegFating tablets, using the coated spherical 
fine partides produced with a method according to daim 14. 

16. Drug-containing spherical fine partides having a mean particle size of 60 to 200 \l m producible with a method 
described In any one of claims 1 to 1 3. 



9 



EP1 125576A1 




10 



EP1 125 576A1 



INTERNAIIONAL SEARCH REPORT 



PCT/JP99/05833 



A. GLASSCFICATION OF SUBJECT MATm 

Int.Cl' k€lK9/\C, A61R9/1«, A61K9/10, A61K9/20, A£lJ3/06 



Acwding ta IntEnmkual fitoil ChutfladBH Qpg or teHolh niHcBil riMiiflrnHflBi mJ PC 



a FtEUDS SEARCHED 



losnichid (dmlficilisa lyctni Ubmdby dauilkiiionqrabeb) 

Zat.Cl^ A61K9/16, A61R9/14, AfilK9/10. A$lX9/20. A61J3/06 



D teuncntiiion to dte ottot ihis Nch d 



ElccMnh daift base comdtttf during tbo littsnBtioaU leorch (rbw 



C DOCl;ME^r^S CONSIDERED TO DC RELEVANT 



CQadoo of documal, wiih indiCiUon. vk-heit ippra;mie. of (he idevMt patsagct 



RxlevaaltoCUiBiNo. 



EP, Al (KANCOAFUCHI KA6AXU KOGYO K.X.K 

28 September, 1994 (28.09.94) 

& WO* 94/08709* Al 4 US» SS47683, A 

JP. OS-0S6700, A (Pfizer Pharnaceutiicals Inc.), 
01 March, 1994 (01.03.94) (Family: none) 



1-26 



1-16 



Furthtc d ocBtB CBH <Mw litiod hi the o o nilnurt cB of Bcbi C« LJ SscpitBflt&Buljri] 



^'''^•H ti# irf pttlaitar wiew*n(M 

T c>dIodDGuoui«fauipiMh]adasef«Oerthetoseniiloati6Ufl3 

V doeuBMWtiicbfniy (trow doubbaa priori^ dj*Bs{i) or wHcbh 
died eoiMirii (kc pnMaiba dais of uBtkv ckilta 
tpedtl i»tsofl(a ipccUltd} 

V docaaedcdbrfngtotaor^dlRlaisi^aMtCihlbUaneroib^ 

T* docoaenlpu^iM prist oteiBfiOBtfiQsdfiBas^ 

Ihm6oprforiiydmdrin»d 



T lUtrteimBntpa^IUbedeftcrlhaintcnstiaaiinilMdtlftor 
pioriQr dita «Bd OM m ooaflkt wilh Ihe ifVUetfba W chcd to 
iBdutfaod Ibo pcncipte or (haofj wdoMqg ImwatiQO 

oootidcrod R0vcl Of cbssooI be coMhfcrcd t9 hiwlfo B tmcBilvB 



eooUttd fliw w one edurneh toam nrii 
aeaaUaHloD bctet obvloa 10 ■ pmn ikllM to Ita SI 
dBCMnatwtooftfioiM»|tiTilftnrflir 



Date of the edooJ compkuoa of iho irrtrnummit torch 
14 Decenber, 1999 (14.13.99) 



DitB of milfngof tbotntm&lxsntl ggerch ttpotH 
3a Decenber, 1999 (28.12.99) 



Nune nd Bfttiling addrtu of ihfl ISA/ 
JapanesA Patent Office 

pBumiieNa 



Attllnrittd ofOcer 



TdcphsM Mow 



FcimPCr/ISA/210(Kcoiidsheec)(Ju)7 1992) 



11 



